A total of 849 Providencia isolates were collected during a 4-year period when an increased incidence of nosocomial Providencia stuartii infection was noted in urologic wards. Of these isolates, 630 were identified as P. stuartii, 206 were identified as Providencia rettgeri, and 1 was identified as Providencia alcalifaciens. Twelve inositol-positive isolates from 10 patients (10 strains) resembled P. stuartii in fermenting trehalose but resembled P. rettgeri in fermenting D-arabitol incubation at 36°C in a tubed basal bromothymol blue medium containing 1.0% carbohydrate. The medium was overlaid with liquid paraffin to exclude oxidative acid production. Determination of L-glutamic acid decarboxylase was done by a simplified version of a thin-layer chromatography method described previously (7). Briefly, a loopful of bacterial growth from an overnight culture on nutrient agar was rubbed into 0.1 ml of a 1.0% solution of sodium L-glutamate in 0.2 M acetate buffer (pH 4.0), producing a heavy suspension. After 20 h at 41°C, 1.0 pil of this suspension was placed on the bottom of a cellulose-coated aluminum sheet manufactured by VEB Spezialpapierfabrik, Niederschlag, German Democratic Republic, and ascending chromatography was performed at room temperature in butanol-acetic acid-distilled water (4:1:1 [by volume]). A period of 45 min proved sufficient to separate the L-glutamic acid from its more rapidly migrating decarboxylation product, i.e., 4-aminobutyric acid. Following chromatography, the sheet was allowed to dry at room temperature and the amino acids were detected by spraying with a 1.0% ethanolic ninhydrin solution, followed by heating to 100°C for 10 min in an oven. All other biochemical methods followed standards outlined in the Pharmacopeia of the German Democratic Republic (1). The strains submitted to the Centers for Disease Control were biochemically tested by the methods of Edwards and Ewing (4), with some modifications described elsewhere (8, 9).
The current classification of the genus Providencia is based on DNA hybridization experiments published in 1978 by Brenner et al. (2) . Five Providencia species are currently recognized: P. rettgeri, P. stuartii, P. alcalifaciens, P. rustigianùi (11) , and P. heimbachae (21) . P. friedericiana (20) was shown to be a synonym for P. rustigianii (10) . P. rettgeri and P. stuartii have gained clinical importance because of their marked tendency to become resistant to antimicrobial agents and to cause nosocomial infections (23) .
When an increased incidence of P. stuartii infection was noted in urologic wards in the Magdeburg area, all clinical Providencia isolates obtained from 1981 to 1984 were collected in the Microbiology Department of the Magdeburg Bezirks-Hygieneinstitut. Some of these isolates resembled P. stuartii in most biochemical tests but fermented Darabitol, meso-erythritol, or both, a feature hitherto regarded as typical of P. rettgeri (2, 4). In the present study, these aberrant isolates were characterized and identified on the basis of their O Decarboxylation of: laboratory to type the remaining P. stuartii isolates by slide agglutination. DNA studies. The preparation and purification of DNA and the determination of DNA relatedness by the hydroxyapatite method have been described previously (3). Purified DNA was labeled in vitro by using [32P]dCTP, provided in the nick translation reagent kit (catalog no. 8160SB; Bethesda Research Laboratories, Gaithersburg, Md.), as directed by the manufacturer. Percent divergence in related DNA sequences was determined by thermal elution of DNA from hydroxyapatite, on the assumption that each degree of diminished stability in a heteroduplex, compared with that of a homologous DNA duplex, was caused by 1% unpaired bases (3). The guanine-plus-cytosine (G+C) content of DNA was determined spectrophotometrically by the thermal denaturation method (15) .
RESULTS
A total of 630 isolates from 421 patients were identified as P. stuartii, and 206 isolates from 183 patients were identified as P. rettgeri. P. alcalifaciens was represented by only one strain, and P. rustigianii and P. heimbachae were not found. The major characteristics on which the identification was based are presented in Table 1 . The three phenylalaninenegative P. stuartii isolates were cultured from urine specimens from a single patient. Another four isolates from the same individual deaminated phenylalanine promptly. All seven had O antigen 72 but differed in D-xylose fermentation. The three adonitol-negative P. rettgeri isolates were also from a single patient.
Twelve isolates from 10 patients fermented trehalose and i-inositol but, in addition, either D-arabitol or meso-erythritol or both alcohols. Ten of the isolates had O antigens characteristic of P. stuartii (25) , one was considered to be rough because of autoagglutination, and one was not typed. Sources and selected traits of these strains are summarized in Table 2 .
The ability to ferment D-arabitol, meso-erythritol, or both was lost in some of these isolates during storage. Five of the isolates that retained these characteristics were identified by DNA relatedness (Table 3 ). The strains were 83 to 97% related in 60°C reactions, with 0.5% divergence in related sequences, and 84 to 100% related in 75°C reactions. Four P. stuartii strains were highly related (>80% in 60 and 75°C reactions; 0.5% divergence) to labeled DNA from aberrant strain R42. Relatedness of aberrant strain R42 was 18 to 20% to other Providencia species, 8% to Proteus species, and 5% to other members of the family Enterobacteriaceae. The average G+C content of the five aberrant strains was 43 mol%, as was the average mol% of three P. stuartii strains. DISCUSSION As early as 1956, Kauffmann (13) emphasized the value of meso-erythritol fermentation by "Rettgerella" species for 2) found isolates from this group to be indistinguishable from biochemically typical P. stuartii strains on the basis of DNA relatedness and consequently proposed that it be transferred to P. stuartii. On the basis of the major biochemical characteristics of Providencia, these researchers recommended the separation of urease-positive P. stuartii from P. rettgeri by means of the fermentation of trehalose (P. stuartii, 99% positive; P. rettgeri, negative), D-mannitol (P. stuartii, 13% positive; P. rettgeri, 99% positive), adonitol (P. stuartii, 4% positive; P. rettgeri, 99% positive), D-arabitol (P. stuartii, negative; P. rettgeri, 99% positive), meso-erythritol (P. stuartii, negative; P. rettgeri, 78% positive), L-rhamnose (P. stuartii, negative; P. rettgeri, 75% positive), and salicin (P. stuartii, negative; P. rettgeri, 50% positive). Fermentation of trehalose, D-arabitol, and meso-erythritol was also regarded by Penner (23) as valuable for differentiating these species.
Among the strains presented in Table 2 , five were investigated for DNA relatedness to typical Providencia and Proteus strains and to other members of the Enterobacteriaceae, as well as for their G+C content. The data obtained leave no doubt that these aberrant strains constitute a biogroup of P. stuartii. Another three aberrant strains can be assigned to P. stuartii because of their similar biochemical patterns and their O antigens. Strains 252 and 647 were not serotyped but are placed in P. stuartii because they are also biochemically similar to the other strains.
Obviously, P. stuartii strains capable of fermenting certain 4-and 5-carbon polyhydric alcohols, a property typical of P. rettgeri, do occur, though rarely. Richard (28) established a separate biogroup for erythritol-positive P. stuartii strains, but he found only 3 among 27. One strain in Ursing's (30) collection was positive for trehalose, adonitol, erythritol, and mannitol but was arabitol negative. Both researchers stressed the significance of trehalose fermentation by P.
stuartii. This is confirmed by the results described above, which also demonstrate that fermentation of meso-erythritoi, D-arabitol, salicin, and L-rhamnose is not absolutely reliable for separating P. stuartii from P. rettgeri.
L-Glutamic acid decarboxylase seems to be another useful characteristic for distinguishing between these species, with P. rettgeri being generally positive and P. stuartii being negative. This enzyme is rarely mentioned in the more recent literature, probably because the original method for testing its activity (19) is rather cumbersome. Alternative methods based on paper chromatography (6, 18) , release of carbon dioxide (14) , or alkalinization of glutamic acid solutions (12, 18, 29, 31) have been described but are not widely used. The qualitative thin-layer chromatography technique used in the present study demands an incubation period of 1 to 2 h to detect moderate and strong decarboxylation reactions, but overnight incubation was preferred since some P. rettgeri strains gave weak reactions. Such strains probably are negative when tested by less-sensitive methods. This may explain why Namioka and Sakazaki (22) , using M0ller's method (19) , found only 82 of 103 (79.6%) P. rettgeri strains positive for L-glutamic acid decarboxylase.
Recent data on L-glutamic acid decarboxylase activity of Providencia species are not available in the literature, but earlier studies (6, 14, 18, 29, 31) indicate that trehalosepositive strains (i.e., P. stuartii) do not decarboxylate Lglutamic acid, while P. rettgeri and the P. alcalifaciens group, possibly including P. rustigianii and P. heimbachae, generally do so. The contrasting results of McKell and Jones (16) , who found that all investigated Proteus, Morganella, and Providencia species decarboxylated L-glutamic acid, may be due to nonspecific alkalinization of the Difco decarboxylase medium they used and to a prolonged incubation period of 5 days.
Fermentation of meso-erythritol and D-arabitol occurring in fresh isolates was lost by some strains during storage. Penner et al. (27) made the same observation with their P. rettgeri isolates. In follow-up studies of our patients with chronic P. stuartii urinary tract infections, a similar instability was demonstrated with regard to D-xylose and sucrose fermentation (unpublished results). The latter trait was shown by Mobley et al. (17) to be plasmid encoded. Whether this is also true for the other unstable features remains to be investigated.
